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5=5 (54) Title: METHOD AND APPARATUS FOR DETERMINING METAL CMP ENDPOINT USING INTEGRATED POLISHING 
= PAD ELECTRODES 




(57) Abstract: A polishing system 
includes a polishing tool (20) having a 
platen (134), a polishing pad (76), and a 
controller (28). The platen ( 1 34), is adapted 
to have the polishing pad (76) attached 
thereto. The polishing pad (44) includes a 
polishing surface and a back surface (112) 
that is opposite the polishing surface. At 
least one sender electrode (96) and at least 
one response electrode (92) is disposed 
in the polishing pad (76). The controller 
is coupled to the polishing tool. A method 
includes polishing a conductive process 
layer of a wafer (24) using a polishing 
pad (76) of a polishing tool having at least 
one sender electrode (96) and at least one 
response electrode (92) disposed therein. A 
signal is provided to the at least one sender 
electrode (96). The signal provided to the at 
least one sender electrode (96) is monitored 
with at least one of a group of the at least 
one response electrode (92), the at least one 
response electrode (92) communicating 
with the at least one sender electrode (96) 
through the conductive process layer of the 
wafer. Endpoint of the polishing process 
is determined based on the signal received 
by the at least one response electrode. 
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METHOD AND APPARATUS FOR DETERMINING METAL CMP ENDPOINT USING 
INTEGRATED POLISHING PAD ELECTRODES 
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endpoim techniques, such as optical detection, "look" for endpoim based on the process layer located at the edge of 
the wafer. With these techniques, any residual process layer located at the center of the wafer may not be detected. 

Unfortunately, the problems experienced with traditional endpoint control techniques may be exacerbated 
when polishing metal or other electrically conductive process layers. For example, small residual patches of metal 
5 remaining on a surface of a wafer, if not detected, may result in electrical shorts or other parametric failures in the 
final semiconductor devices (e.g., microprocessors, microcontrollers, memory, etc) Moreover, such residual 
patches of metal or other conductive process layers, if not removed, may significantly reduce production yield, 
thus, increasing manufacturing costs. 

The present invention is directed to overcoming, or at least reducing the effects of, one or more of the 
1 0 problems set forth above. 

DISCLOSURE OF INVENTION 

In one aspect of the present invention, a polishing system is provided. The system includes a polishing 
tool having a platen, a polishing pad, and a controller. The platen is adapted to have the polishing pad attached 
thereto. The polishing pad includes a polishing surface and a back surface that is opposite the polishing surface. 
15 At least one sender electrode and at least one response electrode is disposed in the polishing pad. The controller is 
coupled to the polishing tool. 

In another aspect of the present invention, a method is provided. The method includes polishing a 
conductive process layer of a wafer using a polishing pad of a polishing tool having at least one sender electrode 
and at least one response electrode disposed therein. A signal is provided to the at least one sender electrode. The 
20 signal provided to the at least one sender electrode is monitored with at least one of a group of the at least one 
response electrode, the at least one response electrode communicating with the at least one sender electrode 
through the conductive process layer of the wafer. Endpoint of the polishing process is determined based on the 
signal received by the at least one response electrode, 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 The invention may be best understood by reference to the following description taken in conjunction with 

the accompanying drawings, in which like reference numerals identify like elements, and in which: 

Figure 1 is a simplified block diagram of a processing tool used to manufacture semiconductor devices; 
Figure 2 illustrates a conventional polishing tool having multiple arms; 
Figure 3 is a simplified side-view of the polishing tool illustrated in Figure 2; 
30 Figure 4 is a simplified top-view of the polishing tool, shown in Figure 2; 

Figure 5 is a top-view of a portion of a polishing pad having a plurality of electrodes positioned therein in 
accordance with one embodiment of the present invention; 

Figure 6 is a cross-sectional view of the polishing pad illustrated in Figure 5; 

Figure 7 is a top-view of an illustrative platen in accordance with one embodiment of the present 
35 invention; 

Figure 8 is a top-view of a contact; 

Figure 9 is a top-view of a second illustrative portion of a polishing pad having a plurality of electrodes 
positioned therein in accordance with another embodiment of the present invention; 

Figure 10 is a top-view of a second illustrative platen in accordance with another embodiment of the 
40 present invention. 
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tool 36 may be comprised of any number of polishing arms 52. For example, in one embodiment, the polishing 
tool 36 is comprised of only a single polishing arm 52. and each wafer is polished individually. 

Referring to Figure 3, a simplified side-view of the illustrative polishing tool 36 is shown. To simplify 
understanding the operation of the polishing tool 36, only one polishing arm 52 is illustrated. Again, the polishing 
5 pad 44 may be fixed to the rotatable platen 48. The wafer 24 is connected to the rotatable polishing arm 52, using 
for example vacuum pressure, and the polishing arm 52 may be connected to the carrier 40. To effectuate 
polishing, the polishing arm 52 may be extended such that the wafer 24 is pressed against a surface 57 of the 
polishing pad 44, and the platen 48 may be rotated, typically at a constant speed. Moreover, a variable downward 
force may be applied to the polishing arm 52, and the polishing arm 52 may be rotated and oscillated back and 

1 0 forth across the polishing pad 44. 

Referring to Figure 4, a top-view of the polishing pad 44, illustrated in Figures 2 and 3, is shown. The 
polishing pad 44 may include an inner edge 60, an outer edge 64, and have an opening 68 positioned therein. 
Moreover, the wafer 24 is shown positioned against the polishing pad 44 between the inner and outer edge 60, 64. 
For simplicity, the polishing arms 52 and other elements of the polishing tool 36 are not shown. In addition, those 

1 5 skilled in the art will appreciate that a plurality of wafers 24 may be polished at the same time, and that Figure 4 is 
a simplified view of the polishing pad 44. 

During the polishing process, the wafer 24 may oscillate back and forth across the polishing pad 44. The 
direction of the oscillation is indicated by arrow 72, Normally, the oscillation length may be adjusted such that a 
portion of the wafer 24 moves slightly off the inner edge 60 of the polishing pad 44 at the minimum point of 

20 oscillation and slightly off the outer edge 64 of the polishing pad 44 at the maximum point of oscillation. 
Moreover, the oscillation length may be adjusted, and by increasing or decreasing the portion of the wafer 24 that 
moves off of the polishing pad 44 at the minimum and maximum points of oscillation, the center-to-edge polish 
rate may be adjusted. 

Referring to Figure 5, a portion of a polishing pad 76 illustrating one embodiment of the present invention 

25 is shown. Although only a portion of the polishing pad 76 is shown, those skilled in the art will appreciate that the 
general configuration and dimensions of the polishing pad 76 may be similar to those illustrated in Figure 4. 
Furthermore, although the polishing pad 76 is generally circular in shape, other configurations, shapes, and 
dimensions may be used with the present invention. In one embodiment, the polishing pad 76 is circular in 
configuration having an inner edge 80, an outer edge 84, and an opening 88 disposed therein. 

30 The polishing pad 76 may be comprised of a variety of materials, such as polyurethane. and a plurality of 

response electrodes 92 and a plurality of sender electrodes 96 may be disposed therein. For example, referring to 
Figure 6, a cross-sectional view of the polishing pad 76, illustrated in Figure 5, is shown. In this embodiment, the 
sender and response electrodes 96, 92 have a length that is substantially equal to the thickness of the polishing pad 
76. Moreover, these electrodes 96, 92 are shown having a first end 100 that is positioned substantially flush with a 

35 polishing surface 104 of the polishing pad 76, and a second end 108 that is substantially flush with a back surface 
1 12 of the polishing pad 76. 

Although the sender and response electrodes 96, 92 are shown having cylindrical shapes, the electrodes 
96, 92 may be comprised of a variety of shapes and dimensions. For example, the electrodes 96. 92 may be square, 
triangular, hexagonal, or any other shape. In addition, the dimensions of the electrodes 96, 92 may also vary 

40 depending upon the application. In one embodiment, the electrodes 96, 92 are cylindrical having a height that is 
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respectively. As described above for the sending electrodes 96. the surface area of the second end 108 of the 
response electrodes 92 may be increased to simplify making the electrical connection between the response 
electrodes 92 and the contacts 160. In addition, the increased surface area of the second end 108 of the electrodes 
92, 96 reduces the resistivity of the electrical connection. 
5 In another embodiment, rather than having a power supply plane 144, additional contacts 160 may be 

positioned on the platen 134 in a configuration that aligns with sender electrodes 96 of the polishing pad 76. With 
this embodiment, each sender electrode 96 may be individually controlled. For example, individual signals may be 
provided to each sender electrode 96. As will be described below, during a polishing process, these individual 
signals may be passed through the conductive process layer of the wafer 24 and received by the adjacent 

10 corresponding response electrode 92 to determine endpoint of the polishing process. 

Referring to Figure 8, one embodiment of the contacts 160 is shown. The contacts 160 may be comprised 
of an isolation region 166 and a conductive region 170. The isolation region 166 may be used to electrically isolate 
the conductive region 170 from the platen 134. Furthermore, the isolation region 166 may be comprised of a 
variety of materials having favorable insulating properties, such as ceramic, plastic, rubber, and the like. In another 

15 embodiment, rather than using the isolation region 166 to electrically isolate the conductive region 170. the platen 
134 may be comprised of an insulating material. As described above, the response electrodes 92 may be 
electrically coupled to the contacts 160 by strategically positioning the polishing pad 76 on the platen 134. To 
facilitate the electrical connection, the conductive region 170 of the contacts 160 may be comprised of a variety of 
electrically conductive materials, such as copper, aluminum, gold, and the like. 

20 Although the contacts 160 are shown having a circular conductive region 170 and a square isolation 

region 166, the contacts 160 may be comprised of a variety of shapes and dimensions. For example, the contacts 
160 may be square, circular, hexagonal, or the like. In one embodiment, the conductive region 170 of the contacts 
160 is circular and has a diameter of approximately .25 inches (6.35 mm), and the isolation region 166 is square 
and has an area of approximately 1 in 2 (12.7 mm 2 ). 

25 Generally, the arrangement of the contacts 160 on the platen 134 corresponds with the arrangement of 

response electrodes 92 in the polishing pad 76. For example, in the embodiment illustrated in Figure 7, six 
contacts 160 may be strategically positioned on the platen 134 to align with the six response electrodes 92 
positioned within the polishing pad 76. However, to accommodate various electrode patterns used in different 
polishing pads 76, additional contacts 160 and power supply planes 144 may be positioned on a single platen 134. 

30 With this arrangement, only the relevant contacts 160 and power supply planes 144 corresponding with the 
electrodes 92, 96 of the current polishing pad 76 may be activated. Furthermore, by positioning additional contacts 
160 and power supply planes 144 on one platen 134, the same polishing tool 36 may accommodate polishing pads 
76 having different electrode patterns, thus, increasing the versatility of the polishing tool 36. 

Referring back to Figure 7, a wafer 24 is shown positioned above the platen 134. To simplify 

35 understanding of the present invention, the polishing pad 76 is not shown positioned between the wafer 24 and the 
platen 134. However, those skilled in the art will appreciate that during an actual polishing process, the polishing 
pad 76 is attached to the platen 1 34 and aligned such that the response electrodes 92 mate with the first and second 
groups 156, 164 of contacts 160. Furthermore, with the polishing pad 76 properly fixed to the platen 134, the 
sender electrodes 96 are electrically coupled to the power supply plane 144. 

40 As described above, the wafer 24 may be positioned against the polishing pad 76, which for simplicity is 

not illustrated in Figure 7. Generally, during a polishing process, the wafer 24 is rotated in a circular direction 
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In another embodiment, rather than simply monitoring for open circuit conditions, the electrical 
characteristics of the signal received by the response electrodes 92 may be individually monitored and evaluated by 
the process controller 28, to determine the current state of the polishing process. For example, the amplitude of the 
signal provided by the process controller 28 may be compared with the amplitude of the signal received by the 
5 response electrodes 92. With this example, an attenuation of the signal may be used to determine the thickness of 
the conductive process layer. For example, thinner process layers having less mass may result in greater 
attenuation. Other signal characteristics that may be monitored include phase angle, harmonics, and the like. 

After multiple polishing processes, the thickness of the polishing pad 76 may be gradually reduced. For 
example, a new polishing pad 76 may have a thickness of approximately 50 mils (1.27mm), and at the end of its 

10 lifecycle, the polishing pad 76 may have a thickness of approximately 20 mils (0.508mm). To prevent disruption 
of the polishing process, the sender and response electrodes 96, 92 may be designed to "wear" at substantially the 
same rate as the polishing pad 76. It is generally undesirable to have the first end 100 of the electrodes 92, 96 
protrude or recess below the polishing surface 104 of the polishing pad 76. 

In one embodiment, the electrodes 92, 96 may be comprised of graphite. Because graphite is a relatively 

15 soft material, during the polishing process, the first end 100 of the electrodes 92, 96 may wear at substantially the 
same rate as the polishing pad 76 without disrupting the polishing process. Other methods may be used to take 
advantage of the chemical properties of the slurry used during the polishing process. For example, because various 
slurries are selective to the process layer being polished, the electrodes 92, 96 may be comprised of the same 
material as the conductive process layer. With this example, during polishing, the slurry may not only remove the 

20 process layer of the wafer 24 but also attack the electrodes 92, 96 positioned in the polishing pad 76 causing them 
to wear with the polishing pad 76. In another embodiment, the first end 100 of the electrodes 92, 96 may be shaped 
as a brush (not shown). With this embodiment, the brush end of the electrode 92, 96 may contact the surface of the 
wafer 24 and any damage to the surface of the wafer 24 may be insignificant. Of course, other techniques may be 
used to prevent the electrodes 92, 96 from disrupting the polishing process. 

25 Generally, the shape, composition, number, and position of the electrodes 92, 96 may vary depending 

upon the particular application. As described above, various electrode patterns may be implemented with the 
present invention. Furthermore, the electrodes 92, 96 may be comprised of a variety of conductive materials, such 
as copper, graphite, gold, aluminum, polys il icon, and the like. 

Referring to Figure 9, a portion of a polishing pad 174 illustrating a second embodiment of the present 

30 invention is shown. Again, although only a portion of the polishing pad 174 is shown, those skilled in the art will 
appreciate that the general configuration and dimensions of the polishing pad 174 are similar to those illustrated in 
Figure 4. Furthermore, although the polishing pad 174 is generally circular in shape, other configurations, shapes, 
and dimensions of the polishing pad 174 may be used with the present invention. 

In this embodiment, a first group 178 of sender electrodes 96 are positioned adjacent to an outer edge 182 

35 of the polishing pad 174, and a second group 186 of sender electrodes 96 are positioned adjacent to an inner edge 
190 of the polishing pad 174. As described for the polishing pad 96 illustrated in Figure 5, the first and second 
groups 178, 186 of sender electrodes 96 may communicate with corresponding response electrodes 92 through a 
conductive process layer of a wafer 24, during a polishing process. For example, when electrically coupled by the 
conductive process layer, response electrode 194 may receive an electrical signal from sender electrode 198, which 

40 is illustrated by dotted line 202. In addition, during polishing, similar conductive paths may be established, 
through the conductive process layer, between other pairs of sender and response electrodes 96, 92. Moreover, 
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CLAIMS 

1 . A polishing system, comprising: 

a polishing tool having a platen that is adapted to have a polishing pad attached thereto, the polishing pad 
comprising: 

5 a polishing surface; 

a back surface that is opposite the polishing surface; 
at least one sender electrode disposed in the polishing pad: 
at least one response electrode disposed tn the polishing pad; and 
a controller coupled to the polishing tool. 

10 

2. The polishing system of claim 1, further comprising at least one contact positioned on the 

platen. 

3. The polishing system of claim 2 wherein an arrangement of the at least one contact 
1 5 corresponds with an arrangement of at least a portion of the at least one response electrode disposed in the 

polishing pad. and an electrical connection is established between the at least one contact and the second end of the 
at least one response electrode when the polishing pad is mated to the platen. 

4. The polishing system of claim l t further comprising at least one power supply plane positioned 
20 on the platen. 

5. The polishing system of claim 4, wherein the location of the at least one power supply plane 
corresponds with an arrangement of the sender electrodes disposed in the polishing pad, and an electrical 
connection is established between the at least one power supply plane and the second end of the at least one sender 

25 electrode when the polishing pad is mated to the platen. 

6. The polishing system of claim 1, wherein the at least one response electrode and the at least 
one sender electrode are comprised of the same material as the conductive process layer of the wafer. 

30 7. The polishing system of claim 1, wherein the at least one sender electrode has a first end that is 

positioned proximate the polishing surface, and a second end that is positioned proximate the back surface 

8. The polishing system of claim 1 , wherein the at least one response electrode has a first end that 
is positioned proximate the polishing surface, and a second end that is positioned proximate the back surface 

35 

9. The polishing tool of claim 1, wherein the process controller is adapted to: 
provide a signal to the at least one sender electrode during a polishing process; 

monitor the signal provided to the at least one sender electrode with at least one of a group of the at least 
one response electrode, the at least one response electrode communicating with the at least one 
40 sender electrode through a conductive process layer of a wafer; and 
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16. The method of claim 15. further comprising mating the polishing pad to a platen of the 
polishing tool. 

17. The method of claim 16, wherein mating the polishing pad with the platen comprises coupling 
5 a first end of the response electrodes with at least one contact positioned on the platen. 

18. The method of claim 16, wherein mating the polishing pad with the platen comprises coupling 
a first end of the sender electrodes with a power supply plane positioned on the platen. 

10 19. The method of claim 15, wherein determining endpoint of the polishing process comprises: 

calculating the number of the at least one response electrode not receiving the signal; and 
determining endpoint of the polishing process based on a predetermined percentage of the at least one 
response electrode not receiving the signal. 

20. The method of claim 15, wherein determining endpoint of the polishing process comprises: 

monitoring the signal received by at least one of the group of the at least one response electrode; 
measuring a change in electrical characteristics of the signal provided to the at least one sender electrode 

and the signal received by the at least one response electrode; and 
determining endpoint of the polishing process based on a predetermined change in the electrical 
characteristics of the signal. 
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